X-ray bursts are thermonuclear explosions on the surface of accreting neutron stars in X-ray binaries. As most of the known X-ray bursters are frequently observed by INTEGRAL, an international collaboration have been taking advantage of its instrumentation to specifically monitor the occurrence of exceptional burst events lasting more than ~10 minutes. Half of the dozen so-called intermediate long bursts registered so far have been observed by INTEGRAL. The goal is to derive a comprehensive picture of the relationship between the nuclear ignition processes and the accretion states of the system leading up to such long bursts. Depending on the composition of the accreted material, these bursts may be explained by either the unstable burning of a large pile of mixed hydrogen and helium, or the ignition of a thick pure helium layer. Intermediate long bursts are particularly expected to occur at very low accretion rates and make possible to study the transition from a hydrogen-rich bursting regime to a pure helium regime.
: X-ray burst distribution as a function of their exponential decay times. The bursts up to 100s are a compilation of the RXTE sample (Galloway et al., 2008) . Corresponding main burning fuel is indicated at the bottom. 
Superbursts
Within the last 10 years a new type of X-ray bursts have been found (e.g., Cornelisse et al., 2000 Cornelisse et al., , 2002 ) that last several hours and release about 1000 times more energy than usual type I bursts . Due to their particular characteristics these superbursts cannot be explained by unstable nuclear burning of hydrogen and/or helium. They appear to be consistent with unstable carbon burning from a deeper layer of heavier elements previously produced by the H/He burning (e.g., Cumming & Bildsten, 2001; Cumming, 2003 , Kuulkers, 2004 . The large thickness of the fuel layer means that the ignition conditions are sensitive to the thermal profile of the neutron star, opening a new way to probe neutron star interiors (Brown, 2004) . The production of carbon is sensitive to the details of H/He burning, testing our understanding of rp-process H burning, and complementing radioactive ion beam studies of heavy proton rich nuclei . So far, about 15 of these superbursts have been discovered from archival data analyses (e.g., in 't Zand, Cornelisse & Cumming, 2004) and they are thus obviously of great interest for further studies. Indeed, the much stronger energy release, and thus much higher fluence of the superbursts, corresponds to fluxes during their long decay times, which can give very high signal to noise spectra making it possible to detect line features from the surface of the neutron stars.
Intermediate long bursts
At a few occasions some type I X-ray bursts showing extended decay times up to a few tens of minutes have been observed. As shown on Fig.1 are not yet fully understood: depending on the composition of the accreted material, they may be explained by either the unstable burning of a large pile of mixed hydrogen and helium, or the ignition of a thick pure helium layer. In the latter case, long duration bursts are expected at very low accretion rates (e.g., Cumming et al., 2006; Peng et al., 2007) , in particular from Ultra-Compact X-ray Binary (UCXB) systems containing a hydrogenpoor white dwarf (e.g., in 't Zand et al., 2007) . However, some intermediate long bursts have been observed at high accretion rates, implying the burning of some hydrogen, and are thus inconsistent with the theoretical picture. As a matter of fact, the relationship between accretion regime, burst types, and recurrence times of most X-ray burst systems is still an open issue for the current theory. It is a function of accretion rate and composition, depending on the nature of the donor star (its age, size, and composition) and the geometry of the binary system, and of the sedimentation and nuclear ignition processes on the surface of the neutron star. 
Monitoring of long X-ray bursts with INTEGRAL
With its exceptional broad band pass INTEGRAL is an important instrument to use to understand more completely the physics of X-ray bursts, specifically the nature of the hard Xray emission. Moreover, thanks to the unique large field of view of the INTEGRAL instrumentation, it is possible to observe many sources simultaneously, so as to get good exposure for rare events. In particular by covering the Galactic Centre region, where about half of the known X-ray bursters are located (see Fig. 2 ), the INTEGRAL Key Programmes provide a good opportunity to observe long or super-bursts.
In Table 1 , we give the list of the known X-ray bursters (see also in 't Zand et al., 2004 and references therein) for which we have been given data rights with the aim of continuing the successful series of INTEGRAL detections and analyses of new long bursts. A total of 60 bursters are covered by both IBIS and JEM-X cameras during the INTEGRAL AO-6 Key Programme observations of the Galactic Centre region (48 sources), the Galactic Disk Plane (10 sources), and the Cygnus region (2 sources). Though these sources are the most probable long X-ray burster candidates, this list should only be considered as a natural basis for our monitoring, and we must stay open to the discovery of new X-ray bursters (either actual new bursting sources, or previously known sources but not as X-ray bursters).
Other observation programmes, such as the INTEGRAL Galactic Bulge monitoring , as well as archive public data, are also exploited in the search of unusual X-ray burst events.
2.Detection method and data analysis
As a consequence of their black-body emission at kT ≈ 2 keV, most of the X-ray burst flux is situated in the JEM-X energy range below 10 keV. Therefore a very convenient way to detect X-ray bursts is by inspecting the JEM-X detector light curve recording all good X-ray events in the detector. This method allows us to monitor simultaneously all the sources inside the field of view of the instrument. The search for bursts longer than a few tens of minutes is however not trivial as they can span over more than one single pointing of the satellite (see Fig. 3 ). Moreover, the detection significance of a burst event depends upon the choice of the light curve time binning, and it may thus be necessary to resample the light curve several times with successively wider time bins to facilitate the detection of a ~½h long burst. When a burst is thus spotted in the detector light curve, it is necessary to compare the image corresponding to the time interval of the burst with an equivalent exposure reference image previous to the burst in order to identify the origin of the event. In most cases 1 , it is then convenient to extract the source light curve at the obtained position to get the actual burst count rates corrected for offaxis effects.
Bursts with durations of tens of minutes are actually easier to investigate with the time resolved spectral analysis method than usual short X-ray bursts because of the higher number of accumulated photons. This method consists in extracting the burst spectra during successive time intervals as short as allowed by the counting statistics, making thus possible to follow the spectral evolution of the event. Spectral analysis results obtained by fitting the successive spectra with a black-body model provide the time evolution of the burst flux, as well as the neutron star photosphere radius and temperature. 
Observation results
During the AO-4 Galactic Centre Key Programme, we observed a 15 min long burst from IGR J17254-3257 (see Fig. 3 ), which is a source with faint persistent emission and from which only one short burst was previously recorded (Brandt, Budtz-Jørgensen & Chenevez, 2006) . Though the long burst just occurred at the end of a stable pointing and continued a piece of time during the next pointing, it was possible to reconstruct the light curve of the event during the slew interval by a simple linear interpolation of the detector event list. The analysis of the two burst observations allowed us to explain the occurrence of both a short and a long bursts from IGR J17254-3257 by a slightly variation of the accretion rate and a burning regime intermediate between pure He and mixed H/He. The long intermediate burst was thus consistent with the burning of a thick layer of helium slowly accumulated by the steady hydrogen fusion into helium, which eventually ignited due to a weak hydrogen flash . Figure 5 shows the JEM-X and ISGRI light curves of these three bursts and Fig. 6 presents the corresponding time resolved spectral analysis results.
The second of the above bursts, which also occurred during two consecutive stable pointings (it was not possible to reconstruct the event during the data gap), presents the interesting characteristics of a photospheric radius expansion of the neutron star, as witnessed by the short flux variation immediately after the peak in the JEM-X light curve. This corresponds to a rapid and large variation of the apparent black-body radius simultaneously with a short decrease of the black-body temperature. This is due to the bolometric luminosity that reaches the Eddington limit for which the outwards radiation pressure overcomes the gravity. For a canonical equation of state of a neutron star of 1.4 solar masses and a 10 km radius, this corresponds to a so-called Eddington luminosity from which it is thus possible to derive the distance to the source. In the case of SLX 1737-282, we obtained a distance of 7.3 kpc.
PoS(Integral08)033
INTEGRAL monitoring of long X-ray bursts J. Chenevez The singular bursting behaviour of SLX 1737-282, together with its weak persistent emission, is consistent with a picture where the neutron star is in an UCXB system as suggested by in 't Zand et al. (2007) . In that picture, the long bursts are explained by the burning of a thick layer of helium slowly accreted from a pure helium donor, such as a degenerated white dwarf . Table 2 , we summarize the main results of our monitoring of long X-ray bursts with INTEGRAL. To be complete we add the first intermediate long burst observed by INTEGRAL in 2003 from the source SLX 1735-269 (Molkov et al., 2005) . At that time, these authors did explain this burst by the unstable burning of a large pile of mixed hydrogen and helium on the surface of the neutron star. More recent research, as presented here, allows now us to interpret the long burst from SLX 1735-269 in the same way as for SLX 1737-282. Indeed, considering the relative low accretion rate of this source, we can conclude that this burst is consistent with the unstable burning of a large pile of pure helium, likely slowly accreted from a pure helium donor in an UCXB system, as also suggested by in 't Zand et al. (2007) . 
Future prospects
Thermonuclear bursts from accreting neutron stars have been investigated for many years. One scientific objective is to resolve the complexity of the relationship between nuclear burning and accretion process regimes, in order to interpret the diversity of the X-ray burst observations. A few bursting sources, which have been studied intensively, offer confirmed examples of three classes of ignition predicted theoretically as a function of the accretion rate (Fujimoto et al., 1987) . However, the mechanisms driving the long bursts, in particular, are not yet fully understood and have recently been the subject of advanced theoretical research (e.g., Cumming et al. 2006; Peng et al. 2007 ).
Looking forward the hopeful observation of the first superburst by INTEGRAL, the long term goal of the present work is to interpret the various types of thermonuclear bursts into a consistent picture of the ignition and burning processes in relation with the accretion regime of the neutron stars. An improved investigation of these various processes, based on the study of a large number of events, will further our knowledge about the composition of the companion stars, the geometry of the accretion flow onto the neutron stars, and therefore the evolution of low-mass X-ray binaries, as well as a better understanding of the nuclear burning physics. It is thus necessary to acquire larger data sets in order to strengthen the statistics of global studies. In that respect, it is necessary to develop the search for X-ray bursts in JEM-X detector light curves as an automated process.
The fluxes reached during an X-ray burst can give spectra with high signal-to-noise ratio, making it possible to detect atomic line features from the photosphere of the neutron stars. Such detection would therefore enable a measurement of the gravitational redshift of the neutron star (e.g., Cottam, Paerels, and Mendez, 2002) . Moreover, the analysis of X-ray bursts in the gamma-ray energy range may provide a unique opportunity to detect nuclear spectral lines from such objects. A significant detection would imply that radioactive material is brought, during the burst, to the upper layers of the atmosphere, or even ejected from the neutron star. Indeed, photospheric radius expansion bursts likely eject nuclear burning ashes that are potentially detectable as photoionisation edges (Weinberg et al. 2006 ). Furthermore, the strong energy release of long and super-bursts may yield much larger amounts of ejected material than for ordinary radius expansion bursts, which may ease the detection of the emitted lines.
Moreover, a primary objective for the INTEGRAL mission is the detection and study of gamma-ray emission related to nucleosynthesis. Therefore, the INTEGRAL instrumentation offers for the first time an opportunity to search for nuclear gamma-rays produced by nucleosynthesis during the X-ray bursts. As an example, INTEGRAL should be able to detect the gamma ray lines from 104 Sn emitted at 132.7 keV and at 632.6 keV from 106 In. A positive detection of gamma-rays from X-ray bursters would thus probe the thermonuclear reactions and open a new window into the secluded stellar element synthesis processes.
In conclusion, it is worth continuing to monitor long X-ray burst events by taking advantage of the unique instrumentation of INTEGRAL.
